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Abstract 
A novel flow model of viscoelastic polymer solution flowing in porous media is established and the degradation is also 
considered. The new model is more accurate to describe the rheological characteristics and flow characterization of viscoelastic 
polymer solution and should be useful for the analysis of mechanism associated with seepage of non-Newtonian fluids and gels. 
The results illustrate that it is the constitutive equation that makes the seepage law of viscoelastic polymer fluid different from 
that of viscous fluid. Tensile stress was added to the constitutive equation of viscoelastic polymer fluid while the rheology law of 
Newtonian fluid is mainly controlled by shearing stress. Polymer fluid properties, porous media structure and seepage velocity 
can all influence the viscoelastic effect of polymer fluid. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of The Chinese Society of Theoretical and Applied Mechanics (CSTAM). 
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1. Introduction  
 
Nomenclature 
ijT  stress tensor  
fT  elaxation time, s 
0
vP  zero shear rate viscosity, mPa s  
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n  power law exponent 
ijA  deformation rate 
f  friction coefficient 
eR  Reynolds number 
DbeN  Deborah Number  
J  shear rate, 1s  
effP  effective viscosity, mPa s  
wP  water viscosity, mPa s  
1 2,n n  power law exponent 
v  seepage veloscityˈ /cm s  
pD  average diameter of particlesˈ cm  
pC  polymer concentration, /mg L  
sP  solvent viscosity, mPa s  
M  molar mass, /g mol  
R  gas constant,8.314 /J mol K  
T  the absolute temperature, K  
K  the permeability, 2cm  
 
Polymer flooding has long been used as a method for enhanced oil recovery, but there are still some fundamental 
problems that needto be solved. One of the most significant problems is how to consider the viscoelastic effect and 
degradation of polymer solution flowing through porous media. 
Polymer solution has many physicochemical properties that is different from the Newtonian fluid, so it differs a 
lot in the rheological behaviours when it flows through the porous media. During the 1970s-1980s, researchers 
focused on the study of shear thinning, adsorption and inaccessible pore volume. As the research further develops, 
people began to pay attention to the viscoelastic effect of polymer solution. Marshall and Metzner[1] derived the 
expression of Deborah number and illustrated the meaning of this number. They also pointed out that the deviation 
from 1 of synthetical resistance coefficient is actually the effect of viscoelasticity instead of inertance; 
Wissler[2]analysed the variation of pressure drop when the polymer solution flowing through the contraction-
expansion model and derived the equation of pressure drop considering the viscoelastic effect. They pointed out that 
the synthetical resistance coefficient is proportional to the square of Deborah number. Meaker[3]studied the effect of 
mechanical degradation of polymers in porous media through a lot of experiments and obtained that the mechanical 
degradation of polymer solution is related to seepage distance, porosity, permeability and seepage velocity. 
2. Constitutive equations of viscoelastic fluid 
Recently, the models that are usually used to describe the viscoelasticity of polymer solution include upper-
convected Maxwell model and PPT model. Yin Hongjun[4-5] proposed a modified upper-convected Maxwell model 
by taking the power law characterization of non-Newtonian fluid into consideration, making its velocity profile 
more closer to the true non-Newtonian fluid velocity profile. The Constitutive equation in this model is as follows: 
 0ij nij ijf vTT AtGT PG     (1) 
From the equation above we can see that the constitutive equation of viscoelastic polymer solution is naturally 
different from the pure viscous fluid, because of the introduction of tensile stress, whose value determines the 
degree of elastic effect. When the relaxation time is zero, the constitutive equation is the same with pure viscous 
fluidequation. 
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3. Synthetical resistance coefficient 
In 1965, Christopher and Middleman[6] proposed the modified Blake-kozeny equation, after that, many 
researchers studied the seepage characterization of polymer solution with this equation. However, recent studies 
showed that the seepage characterization of viscoelastic polymer solution does not follow the modified equation and 
there is a great deviation in calculating the seepage resistance[7-8]. Since the modified BK equation is not suitable for 
the viscoelastic polymer solution, we have to find new seepage equations for viscoelastic polymer solution. In this 
paper, we introducesynthetical resistance coefficient to represent the viscosity variation caused by tensile stress. 
Currently, there are five methods to calculate the synthetical resistance coefficient.We choose the most suitable 
one by comparing these five method. 
(1) Savin’smodel[9]: 
21e Dbef R CN      (2) 
(2)Hirasaki and Pope’smodel[10]: 
1
1-e Dbe
f R
N
  
   (3) 
(3)Zhang Yuliang’smodel[11]: 
1 We Dbef R CN      (4) 
(4) Jennings’s model[12]: 
1e Dbef R DN      (5) 
 (5) Xia huifen’smodel[13]: 
1 2e ff R J T      (6) 
All of these five models show that the synthetical resistance coefficient increases with the Deborah number. But 
equation (3) is obviously very limited, because when the Deborah number is close to 1, the synthetical resistance 
coefficient will be quite large, which is not reasonable. Other four models are of the same kind, and equation (5) and 
(6) are actually the same. Based on the analysis of viscoelasticity, Constitutive equations of viscoelastic fluid and 
seepage characterization, Equation (4) is the most suitable one to describe the relationship of synthetical resistance 
coefficient and Deborah number. 
4. The effective viscosity model 
Currently, the models to calculate the effective viscosity of viscoelastic polymer solution include two-parameter 
model[14], synthetical resistance coefficient model and Multi-parameter model[15].  
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4.1. Two-parameter model 
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The two–parameter model is simple in form, but is difficult to clearly divide the shear thinning and shear 
thickening stage, so its application is limited. 
4.2. Multi-parameter model 
Multi-parameter model is established based on the variation of viscosity with the shear rate, and the range of 
shear rate is relatively large. The equation is as follow 
  4 /440 1 2 31 1n meff w v w
O
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  (8) 
Multi-parameter model contains a lot of control parameters. Based on its equation, it seems to be a complete 
model that can give a full description of shear thinning, shear thickening and the degradation stages. However, the 
amount of parameters is so large that they are not easy to be settled, so the application of this model is also limited. 
4.3.Synthetical resistance coefficient model 
Synthetical resistance coefficient model adds the viscoelastic effect separately into the viscosity form, 
introducing it as a viscosity multiple, thus can comprehensively consider the effect of shear effect and tensile stress. 
It is more appropriate to calculate the effective viscosity. 
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   (9) 
From equation (9), we can see that factors affecting the shear viscosity of the polymer solution include the 
relative molecular mass of the polymer, the polymer concentration and flow velocity; and factors affecting 
synthetical resistance coefficient include relaxation time, flow rate and the pore structure of porous media. C and W 
represent the close relationship of viscoelastic effect and the properties of polymer solution. When the flow rate is 
low, the Deborah number is small and the synthetical resistance coefficient is close to 1, so the rheology behavior is 
shear thinning(,)while when the flow rate is high, the rheology behaviour is shear thickening. When the flow rate is 
rather high, Polymer molecules will break under stress, causing the viscosity decrease rapidly. 
5. Novel flow model of viscoelasticpolymer solutionconsidering degradation 
Degradation effect of polymer solution refers to thatthe long chain polymer molecular breaks into small 
molecules during the process of subsurface flow. When polymer solutionflowing through the porous media, 
macromolecular degradation inevitably happens, which will seriously affect the physical and chemical properties of 
the polymer, thereby affecting the seepage characterization of the polymer solution.The degradation effect of 
polymer solution can be expressed as the equation of zero shear viscosity of the polymer solution, Deborah number 
versustime. 
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Then we can obtain the effective viscosity of the polymer solution considering the degradation effects as follows: 
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   (11) 
The above equation is the theoretical model to calculate the effective viscosity of viscoelastic polymer solution 
considering the degradation effect. Combined with modified BK equation, a novel flow model of viscoelastic 
polymer flowing in porous media can be established. 
6.Conclusion. 
(1)A novel flow model of viscoelastic polymer flowing in porous media is established. The new model is more 
accurate to describe the rheological characteristics and flow characterization of viscoelastic polymer solution and 
should be useful for the analysis of mechanism associated with seepage of non-Newtonian fluids and gels. 
(2) It is the constitutive equation that makes the seepage law of viscoelastic polymer fluid different from that of 
viscous fluid. Tensile stress isadded to the constitutive equation of viscoelastic polymer fluid while the rheology law 
of Newtonian fluid is mainly controlled by shearing stress. 
References 
[1] R.J. Marshall, A.B. Metnzer. Flow of viscoelastic fluids through porous media[J]୊I&EC: 1967(3):393-400୊ 
[2] E.H. Wissler viscoelastic effects in the flow of non-Newtonian fluids through porous medium[J]. I&EC fundamentals,1971,10(3):411-417 
[3] J.M. Meaker. Shear degradation of partially hydrolysedpolyacrylamide solutions[J].SPEJ, Aug, 1974:337-346 
[4]Yin hongjun, ZhongHuiying,et al. Flow of modified upper-convected viscoelastic fluid in expansionary channel[J]. Special Oil & Gas 
Reservoirs, 2005, 12(4):36-39 
[5]Yin H J, Wang D M, et al. Study on flow behaviours of viscoelastic polymer solution in micropore with dead end[C]. SPE101950. 2006. 
[6] R.H. Christopher, S. Middleman. Power-law flow through a packed tube [J]. I&EC 1965(4): 422-427୊ 
[7]LvYanping, Wu Xiaodong et al. The mathematical model of viscoelastic polymer solution flowing through porous media[C].Chinese 
Conference of Theoretical and Applied Mechanics. 2005. 
[8]Yin Hongjun, LvYanping, Yu Kaichun. The unsteady flow model of viscoelastic polymer solution[J]. Journal of Daqing petroleum 
institute,2004, 28(2), 28-30. 
[9]Savins J.G. non-Newtonion flow through porous media[J]. industrial and engineering chemistry, 1969, 61(10):18-47 
[10]Hirasaki G H, Pope G A୊ Analysis of Factors Influencing the Mobility And Absorption in the Flow of Polymer Solution Through Porous 
Media୊ SPE4026୊ 
[11]Zhang Yuliang, Li Caihong, Wang Xiaoming, et al. the viscoelastic effect of polymer solution in porous media[J]. Journal of Daqing 
petroleum institute,1994, 18(2), 139-143. 
[12]Jennings R.R, Pogers J.H and West T.J୊ Factor Influencing Mobility Control by Polymer Solution, J.P.T.  March, 1971:391-400୊ 
[13]Xia Huifen. The flow theory and its application of viscoelastic polymer solution [M]. Beijing: petroleum industry publishing house,2002:86-
103. 
[14] Heemskerk J. Rosmalen R.J, et al. Quantification of viscoelastic effects of polyacrylamide solutions[C]. SPE/DOE 12652, 1984:223-228୊ 
[15] Stavland A, Jonsbraten H.C, Lohne A et al. Polumer flooding-flow properties in porous media versus rheological parameters[C]. SPE131103, 
2010. 
